The study involved 70 nasal swab collected from people suffering from sinusitis and consulted the Ear, Nose and Throat Unit in Al-Diwaniya Teaching Hospital, Iraq during the period from 12 June to 12 August 2016 with ages ranging from 0-65 years old. The results showed that the number of nasal swabs that gave fungal growth was 36/70 (51.428%); highest percentage of fungal infection was recorded in ages ranging from 11-20 years old 8(80%), followed by above 60 years old 7(70%) and lowest infection was in 51-60 years old 3(30%) when compared. A total of 43 fungal isolates were identified and the isolates belong to 7 genera comprising of Penicillium spp. with 16 isolates, Aspergillus spp. with 14 isolates (mainly A. niger= 7, A. flavus= 5 and A. fumigates= 2), Cladosporium spp. with 4 isolates, Rhizopus spp. 3 isolates, Sporothrix schenckii 3 isolates, Mucor spp. 2 isolates and Fusarium spp. 1 isolate. Penicillium spp. occurred with the highest frequency percentage of (37.209%), followed by A. niger (16.279%) and A. flavus (11.627%) with significant differences when compared with other fungi isolated in this study while the lowest percentage frequency was recorded for Fusarium spp. (2.325%). Potassium sorbate and Sodium benzoate have high inhibitory activity against the growth of all fungi studied and increases in their concentration caused corresponding increases in their percentage inhibition of fungal growth which ranged at concentration 1000 mg/L of potassium sorbate and sodium benzoate between (90.7-94.5%) and (91.2-95.8%) respectively.
INTRODUCTION
Sinuses are cavities filled with air surrounding the eyes, nose inside the skull bones are associated cavity nose through small openings and these cavities lined with a membrane thinning secrete mucus and the lattice cells remove mucus to get rid of foreign particles such as viruses, bacteria, fungi and dust (Rabago et al., 2005) . Mucus discharge occurs naturally through small openings between the sinuses and nose, however sinusitis these E-mail: Ali.Alsudani@qu.edu.iq; al_ab82@yahoo.com.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License natural openings may be blocked and stops discharge process (Sari-Aslani et al., 2006; Nagar and Gautam, 2015) . Sinusitis can be defined as an inflammation of the mucous layer lining the sinus due to bacterial or fungal infection in the upper respiratory tract which can also occur secondary to viral infection of the upper respiratory tract which creates favorable conditions for the growth of bacteria and fungi (Wald, 1998 (Gillespie et al., 1998; Schubert, 2004; Aribandi et al., 2007; Jiang et al., 2008; Thiagarajan and Ramamoorthy, 2013) .
Fungal sinusitis occurs in young and medium-age individuals due to A. niger, A. fumigatus and Penicillium spp. infection especially in children or people who suffer from immunosuppression after exposure to spores that inhabit the respiratory tract while in the older age group, it is caused by Candida albicans and S. schenckii especially in people working in the mines, as well as peasants or people who use immunosuppressive drugs (Hildmann, 1991; Dosa et al., 2002) . The potassium sorbate which is a potassium salt of sorbic acid and has a molecular weight of 150.22 g/mol and sodium benzoate which is a sodium salt of benzoic acid and has a molecular weight of 144.10 g/mol are considered as the most important chemicals used largely as materials for food preservation which are Generally Recognized as Safe (GRAS) and they have high inhibitory effect for the growth of many micro-organisms such as bacteria and fungi that contaminate food, and they are also used in cosmetics, pharmaceuticals and various medical preparations (Guynot et al., 2005; Esfandiari et al., 2013) . Previous studies on the use of potassium sorbate or sodium benzoate as inhibitors for the growth of micro-organisms in non-food areas are scanty. This marks the stimulus for this study with the aim of determining the inhibitory effect of potassium sorbate and sodium benzoate in vitro against the growth of fungi that cause inflammation of the sinuses.
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MATERIALS AND METHODS

Sample collection
Seventy (70) nasal swabs were collected from people suffering from sinusitis using sterile cotton swabs. The samples were taken from 12 June to 12 August 2016 from patients who consulted Ear, Nose and Throat Unit in Al-Diwaniya Teaching Hospital and were clinically diagnosed by a specialist doctor. The patients' ages ranged from 0-65 years old and patients' information, such as gender, age and infection status was recorded. All the swabs were transported immediately to the laboratory and cultured on the appropriate culture media.
Isolation and identification of fungi
The following culture media were used after sterilization with the aid of autoclave at 121°C for 15 min in order to isolate and diagnose fungi under study: Blood agar medium, Brain heart infusion agar and Sabouraud dextrose agar (SDA) containing (0.05 mg/ml) for both antibiotics Cycloheximide and Chloramphenicol. The Petri dishes containing Blood agar medium and Brain heart infusion agar were inoculated with nasal swabs and incubated at 37°C for 14 days in order to isolate the fungus Sporothrix schenckii. Dishes containing SDA were also inoculated with nasal swabs and incubated at 25°C for three to four days for the purpose of isolating other fungi. The fungal growths were identified after purification using morphological and microscopic features of their taxonomic placement (Gow et al., 1997; De Hoog et al., 2000; Watanabe, 2010) . All pure fungal isolates obtained were saved in test tubes with a capacity of 20 ml containing slant SDA medium and maintained in refrigerator at 4°C until used.
Effect of potassium sorbate and sodium benzoate in the growth of fungal isolates
The method of Lopez-Malo et al. (2005) was used in this test. Spores suspensions of all pure fungal isolates under study was prepared, after cultivation on SDA slants and incubated at 30°C for seven days. The spores were harvested by adding 10 ml of 0.1% Twee 80 solution sterilized by filtration using Millipore filter paper 0.45 μm. The number of spores harvested was calculated using Haemocytometer and the spores suspensions were adjusted by adding the same solution to obtain a final concentration of 1 x 10 6 spore/ml. Then were prepared graded concentrations of potassium sorbate and sodium benzoate by added appropriate quantities of it to 10 flasks containing sterilized SDA separately and these concentrations were 200, 400, 600, 800 and 1000 mg/L, also used 1 flask containing sterilized SDA with antifungal Amphotericin B at 300 µg/ml, according to Shirazi et al. (2007) , and then distributed all prepared media into Petri dishes with three replications for each concentration and then inoculated with 2 ml of spores suspensions of each fungus under study separately. After inoculation, the dishes were incubated at 30°C for 7 days; thereafter the inhibitions were evaluated by measuring the diameter of inhibition zone in millimeter.
Statistical analysis and equations
The percentages of fungal infection and frequency of fungi isolates of the same genera were calculated using the following equations:
The percentage of inhibition was calculated as described by Combina et al. (1999) using the equation:
One way analysis of variance (ANOVA) was used to test significant differences between the rates by Duncan multiple range test at 0.05 probability level (Wayne, 1983) .
RESULTS
Percentages of fungal sinusitis infection by age
The results of the current study showed that the number of nasal swabs that gave fungal growth was 36 swabs of the total number of 70 swabs (51.428%), also found that highest percentage of fungal infection occurred in ages ranging from 11-20 years old, reaching 80%, followed by ages above 60 years old with 70% compared with other ages (Table 1) . Table 2) .
Isolation and identification of fungi
Effect of potassium sorbate and sodium benzoate in the growth of fungal isolates
The results showed that the potassium sorbate and sodium benzoate have high inhibitory activity against the growth of all fungi studied and increasing their concentrations resulted in increased percentage of inhibition. At highest concentration of 1000 mg/L of potassium sorbate and sodium benzoate, the percentages of inhibition ranged between (90.7-94.5%) and (91.2-95.8%) respectively differing significantly (p<0.05) from other concentrations used. There was no significant differences (p>0.05) between inhibition by Amphotericin B (90.5-94.7%) at a concentration level of 300 µg/ml against all fungi studied and inhibitions by other two substances (Table 3) .
DISCUSSION
The high percentages of the fungal sinusitis infection in both, children and adolescents regarding to very high activity of the age group being frequently involved in outdoor activities thereby exposing them to contaminated environment. Under this condition, they inhale spores in large quantities into the upper and lower respiratory tract were the fungi establishes and grow to cause disease (Grewal et al., 1990; Manning and Holman, 1998) . While in the older age the infection occur due to a defect in the immune system especially those who suffer from chronic diseases, who are taking immunosuppressive drugs and due to physiological changes such as dryness of mucous membranes lining the nose (which extends to the sinuses) with advancing age and thus increasing the possibility of the transmission of infection from the nose to the sinuses (Gungor and Adusumilli, 1998; Montanaro, 2000; Prateek et al., 2013) . The fungi Penicillium spp. and Aspergillus spp. were the most frequent isolates in fungal sinusitis infections in the USA (Liza et al., 1997) . Also Tekin (2008) found that the fungus Penicillium spp. was the first pathogen associated with fungal sinusitis in Turkey with a score of 17 cases, followed by Aspergillus spp. with 15 cases, which this is consistent with the results of this study. Previous reports on the inhibitory effect of potassium sorbate and sodium benzoate against growth of fungi and production of toxins, showed that these substances have inhibitory effect on the growth of fungi by inhibiting both spores germination and growth of mycelium (Tsai et al., 1984; Marshall and Bullerman, 1986; Palou et al., 2002; Heydaryinia et al., 2011) . Similarly, Sofos and Busta (1991) found that the materials used in food preservation such as potassium sorbate and sodium benzoate control the growth of fungi by reducing its metabolism, denaturing fungal cell proteins or by changing the permeability of the cell membrane. In a recent study, potassium sorbate was found to have inhibitory effect on the growth of all fungi isolated from indoor airborne samples and the number of colony forming units was reduced by more than 88% compared with control media (Chin Ming et al., 2016) .
Conclusion
Based on the results of this study, potassium sorbate and sodium benzoate at concentration 1000 mg/L have high inhibitory activity against the growth of all fungi isolated from patients with sinusitis and gave a similar effect to the effect of antifungal Amphotericin B at 300 µg/ml. Therefore, it is possible to use these substances in inhibiting the growth of pathogenic fungi in addition to the main use in food preservation.
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